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COMPOUND SEMICONDUCTOR DEVICE BASED ON GALUUM NITRIDE 



(54) 

(57) A compound semiconductor device based on 
gallium nitride which can have a thick gallium mtnde 
semiconductor layer serving to pr^nt cracte or 
detects attributable to a strain caused by a difference in 
lattice constant or coefficient of thermal expansion. 



Fig. 2 



Between a contact layer 4 consisting of a f ilm of n-type 
GaN and a dad layer 5 consisting of a film of a n-type 
ALGai vN is interposed a crack-preventive buffer layer 5 
having both of the compositions of the two films. 
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Description 

Field of the Invention 

[0001] The present invention relates to a compound 
semiconductor device based on gallium nitride, which* 
suitable tor a light emitting device such as a light emit- 
ting diode, a laser diode or the like. 

Background of the Invention 

[00021 A compound semiconductor based on 
indium gallium nitride (In^a^ has been paid atten- 
tion as a material that can obtain light emission having 
wavelength in the visible range by varying a conrpositon 
(x) of indium. A ridge-shaped MQW laser dtode based 
on InGaN using such materia) has been proposed (see 
S17 to S20 in a script tor the 17th annual lecture of The 
Laser Society of Japan). 

[00031 Above mentioned ridge-shaped MQW laser 
diode based on JnGaN, as shown in Fig. 12. is made by 
farming a GaN buffer layer 42. an n-type GaN contact 
layer 43. an n-type InGaN cra*-preventive layer 44. an 
n-type ALOa^N dad layer 45. an n-type GaN guide 
layer 46. an MQW active layer composed of InGaN 47. 
a p-type AIGaN cap layer 48, a p-type GaN gu.de layer 
49 ap-type Al/J.^ clad layer 50. and ap^paGaN 
contact layer 51 in this order on a sapphire substrate 41 . 
A p-electrode 52 is formed on the p-type contact layer 
51 and an n-electrode 53 is formed after etching to the 
n-type contact layer 43. 

[0004] In the compound semiconductor device 
based on indium gallium nitride such as the ndge- 
shaped MQW laser diode based on InGaN. a era* * 
generated on a dad layer due to a difference in lathee 
constant or coefficient of thermal expansion when an 
AIGaN. as the dad layer, is formed on a oontad layer by 
epitaxial growth. As a result, a thick AIGaN layer can not 
be formed. Although the n-type InGaN crack-preventive 
layer is interposed between the clad layer and I the con- 
tact layer m the ridge-shaped MQW laser diode based 
on InGaN. the dad layer containing AIGaN to be formed 
on the n-type InGaN crack-preventive layer cannot be 
thick because the dad layer containing AIGaN is differ- 
ent from the n-type tnGaN crack-preventive layer in lat- 
tice constant or coeffident of thermal expansion. 
[00051 The present invention was made in consider- 
ation of the above mentioned present problems and has 
an objective to provide a semiconductor device capable 
of preventing cracks or defects attributable to a strain 
caused by a difference in lattice constant and coetfoent 
of thermal expansion and forming a thick gallium nitride 
semicondudor layer. 



comprises a buffer layer having both compositions sub- 
stantially the same as those of a first compound semi- 
condudor layer based on gallium nitr.de and a second 
compound semicondudor layer based on gallium nrtr.de 
s is interposed between the first compound semiconduc- 
tor layer based on gallium nitride and the second com- 
pound semiconductor layer based on gallium nrtnde of 
which a composition is different from that of the first 
compound semiconductor layer based on gallium 
to nitride. 



Disclosure of the Invention 



[0006] A compound semicondudor device based 
on gallium nitride according to the present invention 



[0007] The buffer layer has a superstructure layer 
farmed by alternately laminating a layer which has sub- 
stantially the same composition as that of the f irst com- 
pound semiconductor layer based on gallium nitride and 
,s a layer which has substantially the same composrtion as 
that of the second compound semiconductor layer 
based on gallium nitride. 

[0008] Furthermore, the buffer layer can be farmed 
by varying a composition ratio from a composition ration 
so substantially the same as that of the first compound 
semicondudor layer based on gallium nitride to a com- 
position ratio substantially the same as that of the sec- 
ond compound semiconductor layer based on gallium 

25 ra0O9] A compound semiconductor device based 
on gallium nitride according to the present invention 
comprises an one-type conductive contact layer con- 
taining a first compound semicondudor layer based on 
gallium nitride, an one-type conductive clad layer con- 
so teining a second compound semiconductor layer based 
on gallium nitride having a different composition from 
the first compound semicondudor layer based on gal- 
lium nitride, an active layer of a single quanturr .well 
structure composed of indium gallium nitride, an other- 
as type conductive dad layer containing a second com- 
pound semiconductor layer based on gallium nrtnde 
having a different composition from the first compound 
semiconductor layer based on gallium nitride, and an 
other-type condudive contact layer containing the first 
40 compound semiconductor layer based on gallium 
nitride, and a buffer layer having both compositions sub- 
stantially the same as those of thefirst and second com- 
pound semicondudor layers based on gallium nrtnde 
are interposed at least between the one-type conduc- 
es tive contact layer and the other-type conducive clad 

rooio] The buffer layer having both compositions 
substantially the same as those of the first and second 
compound semiconductor layers based on nitride gal- 
so Gum is interposed above and below the dad layer. 
1001 1] When the buffer layer is formed between tne 
first and second compound semiconductor layers based 
on gallium nitride, the buffer layer modifies a difference 
in lattice constant and coeffident of thermal expansion 
55 and prevents cracks and defects caused by a difference 
in lattice constant or coeffident of thermal. Accordingly, 
even when eptaxially growing a thick n-type or p-type 
compound semiconductor layer based on gallium 
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nitride) a crack does not occur, thus realizing a light 
emitting element capable of effective carrier conve- 
nient and optical confinement in an active layer. 

Brief Explanation of the Drawings 



[00121 



Fig 1 is a longitudinal sectional side view illustrating 
a semiconductor laser diode using a single quan- to 
turn well structure (SQW) or a multiple quantum 
well structure (MQW) containing an film of In^i- 
N compound semiconductor as an active layer, 
and showing a first embodiment of a compound 
semiconductor device based on gallium nrtnde rs 
according to the present invention. 
Fig 2 is a view illustrating band energy of a semi- 
conductor laser diode using a crack-preventive 
buffer layer formed by alternately laminating an n- 
typeQaNfilmof50AinthickandanAlo.15Gao.85N » 

film of 50A in thick. 

Ro 3 is a view illustrating band energy of a semi- 
conductor laser diode using a crack-preventive 
buffer layer of a grating structure where tteafcrni- 
num composition ratio rises from 0 to 0.15 in 25 

fig'Ttea view illustrating band energy of a semi- 
conductor laser diode using a crack-prervertwe 
buffer layer which the aluminum composition ratio 
varies by sloping to the layer depth directton » 
Fig 5 is a schematic view illustrating one, example 
of a transverse MOCVD equipment for forming the 
compound semiconductor layers in the present 

'R?6tea'longitudinal sectional side view illustrating » 
a semiconductor laser diode using a single quan- 
tum well structure (SQW) or a multiple quantum 
well structure (MQW) containing a film of nyGai-yN 
compound semiconductor as an active layer and 
showing a second embodiment of a compound «> 
semiconductor device based on gallium nrtnde 
according to the present invention. 
Fig 7 is a diagram illustrating band energy of a sem- 
iconductor laser diode using a crack-preventrve 
buffer layer formed by alternately laminating an n- 45 
type GaN film of 50A in thick and an Alo.15Qao.85N 
f ilm of SOA in thick. . a ■ 

Fig 8 is a view illustrating band energy of a semi- 
conductor laser diode using a crack^reverrt~e 
buffer layer of a grating structure where the atom- *> 
num composition ratio rises from 0 to 0.15 in 

Rg "sisa view illustrating band energy of a semi- 
conductor laser diode using a crack-prever*ve 
buffer layer which the aluminum composition ratio ss 
varies by sloping to the layer depth . direction 
Fig 10 is a longitudinal sectional side view illustrat- 
ing a semiconductor laser diode using a single 



quantum well structure (SQW) or a multiple , quan- 
tum well structure (MQW) containing an In/Sa^N 
compound semiconductor layer as an active layer 
and showing a third embodiment of a compound 
semiconductor ds/ice based on gallium nrtnde 
according to the present invention. 
Fig 11 is a longitudinal sectional side view illustrat- 
ing' a semiconductor laser diode using a single 
quantum well structure (SQW) or a multiple quan- 
tum well structure (MQW) containing a film of 
IrvGa, vN compound semiconductor as an active 
layeland showing a fourth embodiment of a com- 
pound semiconductor device based on gallium 
nitride according to the present invention. 
Fig 12 is a longitudinal sectional side view illustrat- 
ing" a conventional MQW laser diode based on 
InGaN. 



Preferred Embodiments of the Invention 

[0013] Detail description is made on the present 
invention by referring to the attaching d^wrngs. 
[00141 Fig. 1, illustrating a first embodiment of a 
compound semiconductor device based on nrtnde i gal- 
S^ingtolhepresominv^tea^rt^a. 

sectional side view of a semiconductw Jase. ^ diode 
usingasingle quantum well structure (SQW) <* a multi- 
ple quantum well structure (MQW) containing a film of 
£gL xN compound semiconductor as an active layer 
S In tine semiconductor laser diode, an WGaN 
butler layer 2 of 100-200 A in thick and an undoped 
Tide gdlium base lay* 3 of 400A in thick, as ann-ttf* 
compound semiconductor based on nrtnde are formed 
ona^pphire substrate 1. As an rvtype wrrtact layer 4^ 
Tfilm Tvtype GaN which is doped with silicon (SO of 
^matT 30000A in thick is formed on the GaN 
base layer 3. A crack preventive layer 5 having both 
coitions of the contact layer 4 of the f ilm of n-type 
SSa dad layer 6 is formed on the contact layer 4 
containing the film of n-type GaN. The crack prevents 
buffer layer 5 will be described in detail later. 
Soi6] An n-type AI/Sai.yN clad layer 6 of 5000 A in 
S* is formed on the c*a* preventive ^May«5_ A 
light guide layer 7 containing a f ilm of undoped GaN or 

layer 6. and an active layer 8 of a single quj^^uc 
Se (SQW) or a multiple quantum structure MQW) 
corUsedoflnGaNisf^^ 
A right guide layer 9 containing a film of p-type GaN of 

Sa film of p-type Al y Gai. y N of ap^ox^ely SOOOA-n 
thick on which Mg is doped are formed on the active 
layer 8. A contact layer 11 containing a film of p-type 
GaN of 3000A in thick is formed on the dad layer 10. An 
n-type electrode 12 and a p-type electrode 13 arepro- 
vid^byme^-etchingtothedepmofmerv^econtect 

2& 4 to make the n-type electrode 12 into contact, 
coating with an insulating layer 14 such as a film of s*- 
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con oxide (Si0 2 ). and eliminating a p-electrode and an 
n-electrode of the insulating layer 14. 
[0017] Tne crack preventive buffer layer 5. having 
corrposrtions of the dad layer 6 containing a film of 
ALGai vN and the contact layer 4 containing a film of n- 
ty^GaN, modifies a difference in lattice constant or 
coefficient of thermal expansion between the film of n- 
type GaN and the fam of AlyGa^yN. 
[0018] "Therefore, the buffer layer 5 has a super- 
structure in which a thin fam of n-type GaN which has 
the same composition as the contact layer 4 containing 
a f3m of n-type GaN and a thin film of AlyGa^yN which 
has the same composition as the n-type AlyGa Vy N clad 
layer 6. For example, when a film of n-type 
Al 0 i 5 Gan ssN * used as the dad layer 6. the crack pre- 
ventive buffer layer 5 is formed by laminating a f ilm of re- 
type GaN of 50A in thick and a film of Alo.15Gao.85N of 
50A in thick alternately. " 
[0019] When a film of n-type Alo.15Gao.85N ' s **** 
a the dad layer 6. the crack preventive buffer layer 5. for 
example, can be formed by alternately laminating a film 
of n-type GaN of 50A in thick and a fBm of Al y Ga Vy N of 
50 A in thick and rising a composition ratio of aluminum 
(Al) from 0 to 0.15 in sequence so as to form a grating 
structure. 

[0020] The crack preventive layer 5 can be any layer 
having compositions substantially the same as those of 
the contact layer 4 and the dad layer 6. For^mple, 
even though the Al composition ratio in afilm of AlyGa^ 
V N is higher than that of the dad layer 6. it can be used 
as the crack preventive buffer layer when the character- 
istics of lattice constant and coefficient of thermal 
expansion ts substantially the same. A film of GaN 
which is alternately laminated with a fam of AlyGaVyN 
can be used when the film of GaN has substantially the 
same GaN composition. The film can be used as a 
crack preventive buffer layer, even if a small amount of 
In is contained. . 
[0021] When a film of n-type AI0.15Gao.85N is used 
as a dad layer 6. the crack preventive buffer layer 5 can 
be formed by varying the aluminum composition ratio 
and sloping to the layer depth direction. 
[0022] Figs. 2-4 illustrate energy band in which the 
crack preventive buffer layer 5 having the above 
described compositions is formed. In Fig. 2. the crack 
preventive buffer layer 5 in which a film of n-type GaN of 
50A in thick and a film of AI0.15Ga0.85N of 50A in thick 
are alternately laminated is used. In Fig. 3. the crack 
preventive buffer layer 5 of a grating structure where the 
aluminum composition ratio rises from 0 to 0.15 im 
sequence is used. In Fig. 4. the crack preventive buffer 
layer 5 which the aluminum composition ratio varies by 
sloping to the layer depth direction is used. 
[0023] When the crack preventive buffer layer 5 is 
formed between the contact layer 4 and the dad layer 6, 
the crack preventive buffer layer 5 modifies lattice con- 
stant or coeff ident of thermal expansion of both the con- 
tact layer 4 and the dad layer 6. and prevents cracks 



and defects caused by a difference in lattice constant or 
coeff ident of thermal expansion. Accordingly even 
when eptaxially growing thick n-type or p-type AlGaN, a 
crack does not occur, thus realizing a light emitbngtfe- 
5 ment capable of effective carrier confinement and opti- 
cal confinement in an active layer. 
[00241 Each compound semiconductor layer of a 
semiconductor laser diode illustrated in Fig. 1 is formed 
on a sapphire substrate 1 by MOCVD method. Fig. 5 is 
10 a schematic view illustrating one example of a trans- 
verse MOCVD equipment for forming the compound 

semiconductor layers. . 

[002 5] The transverse MOCVD equipment having a 
two laminar flow structure, supports and indines a sap- 
is prure substrate 1 by a scepter^ 

ing chamber 30 where two laminar flow gases are 
mixed. The forming chamber 30 is exhausted by a vac- 
uum pump (not shown) to a desired degree of vacuum. 
The scepter is heated to a desired growth temperature 
20 by a high-frequency coil etc. 

[0026] In the forming chamber 30. raw matenal gas 
is supplied to a surface of the substrate 1 from a raw 
material gas supplying line 31. and hydrogen and/or 
nitride gas is supplied from an upper laminar gas .line 32 
25 located above the raw material gas supplying line 31 . 
■me upper laminar gas line 32 is connected with a 
hydrogen (H^ gas bomb and a nitride (N 2 ) gas bomb 
through a valve. The raw material gas is pressured to a 
surface of the substrate 1 by the hydrogen (hy gas 
so and/or nitride (N 2 ) gas supplied from the upper laminar 
gas line 32 so that the raw material gas can be contact 
with the substrate 1 . . ..... 

[0027] Organic metal compound source of trimethi 
aluminum (TMA), trimethi gallium (TMG), trimethi 
35 indium CTMI). and triethyl Gallium (TEG) as raw material 
gas is gasified by a small amount of bubbling gas. and 
is supplied to the raw material gas supplying line 31 
through the valve (not shown). N-type dopant gas con- 
taining ammonia (NH3) and silicon (Si) (for example. 
40 silane(SiH 4 )). and p-type dopant gas contain^ mag- 
nesium (Mg) (for example. CpjMg) are supplied to the 
raw material gas supplying line 31 through the valve 
(not shown). 

[0028] Explanation is made on manufacture of a 
45 semiconductor laser diode illustrated in Fig. 1 by using 
the above transverse MOCVD equipment. 
[0029] An AlGaN buffer layer 2 is formed on a sub- 
strate 1. TMA, TMG. and NH3 as raw material gas is 
supplied in a forming chamber 30, and an Al 0 6 GaojN 
50 bufferlayer2of150Ainthi<^istormedonthesubs^rate 

1 while keeping the substrate temperature at 600 C. 
[0030] TMG and NH 3 as raw material gas ts sup- 
plied in the forming chamber 30. and an undoped GaN 
base layer 3 of 4000A in thick is formed on the 
65 Al 0 6 Gao. 4 N buffer layer 2 while keeping the substrate 
temperature at 1 1 50°C. 

[0031] The raw material gas is changed to TMG 
and NH 3 . and the dopant gas is changed to S1H4. then 
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they are supplied to the forming chamber 30. While 
keeping the substrate temperature at 1 1 50°C, a contact 
layer 4 containing a film of n-type GaN of 30000A in 
thick is formed on the AIGaN base layer 3. 
[0032] TMG and NH 3 as the raw material gas and 
SiK* as a dopant gas are supplied to the forming cham- 
ber 30. After forming a film of n n-type GaN of 50A in 
thick is formed while keeping the substrate temperature 
at 1 150°C, TMA is added to the raw material gas and is 
supplied to the forming chamber 30. Then, a film of n- 
type Al 0 15 Gao esN of 50A in thick is formed while keep- 
ing the substrate temperature at 1150°C. Then, while 
controlling the TMA supply to the forming chamber 30. 
10 pairs of a film of n-type GaN of 50 A in thick and a 
film of n-type Al 0 ^sOa Q ^ of 50A in thick are lami- 
nated to form a crack preventive buffer layer 5 of a super 
structure. 

[0033] TMG, TMA. and NH 3 as the raw matenal gas 
and SiH 4 as the dopant gas are supplied to the forming 
chamber 30. While keeping the substrate temperature 
at 1150°C, a clad layer 6 containing a film of n-type 
Alo.15Gao.e5N layer of 3000A in thick is formed on the 
crack preventive layer 5. 

[0034] The raw material gas and the dopant gas are 
respectively changed to TMG and NH3, and SiH 4 , and 
are supplied to the forming chamber 30. While keeping 
' the substrate temperature at 1 150'C, a light guide layer 
7 containing, a film of n-type GaN of 1000A in thick is 
formed on the clad layer 6. 

[0035] The raw material gas is changed to TMl, 
TEG, and NH 3 , and is supplied to the forming chamber 
30 While keeping the substrate temperature at 860°C, 
a film of Ino 056*0 95N of 70 A in thick, as a barrier layer, 
is formed on the light guide layer 7. Then, while keeping 
the substrate temperature at 800°C, a film of 

ln 0 15 Gao 85N of 30A in thick, as a well layer, is formed. 

Twenty pairs of these two layers are laminated to form 

an active layer having a MOW structure and InGaN 

composition. 

[0036] The raw material gas and the dopant gas are 
respectively changed to TMG and NH3, and Cp^Mg. 
and are supplied to the forming chamber 30. While 
keeping the substrate temperature at 1150°C a light 
guide layer 9 containing a f ilm of Mg-doped p-type GaN 
of 1000A in thick is formed. 

[0037] The raw material gas and the dopant gas are 
respectively changed to TMA. TMG, and NH 3 , and 
Cp2Mg. and are supplied to the forming chamber 30. 
While keeping the substrate temperature at 1150°C, a 
clad layer 10 containing a film of Mg-doped p-type 
Al 0 15 Gao 85N of 3000A in thick is formed. 
[0038] The raw material gas and the dopant gas are 
respectively changed to TMG and NH^ and Cp^Mg, 
and are supplied to the forming chamber 30. While 
keeping the substrate temperature at 1 1 50°C, a contact 
layer 11 containing a film of p-type GaN of 3000A in 
thick is formed on the clad layer 10. 
[0039] After exposing a surface of the n-type con- 



tact layer by mesa etching, an insulating layer 14 con- 
taining Si0 2 is formed. After eliminating an insulating 
layer of electrodes, an n-type electrode 12 and a p-type 
electrode 13 are formed. 
5 [0040] The above manufacture method is about a 
composition where the crack preventive buffer layer 5 
has a superstructure. In addition, when the crack pre- 
ventive buffer layer has grating as shown in a band 
energy diagram in Fig. 3. the supply amount of TMA can 
10 be controlled to increase gradually. When the A! compo- 
sition ratio varies and the film has a slope to the layer 
depth direction as shown in a band energy diagram in 
Fig. 4. the supply amount of TMA can increase gradu- 
ally. 

is [0041] Fig. 6., illustrating a second embocBment of a 
compound semiconductor device based on nitride gal- 
lium according to the present invention, is a longitudinal 
sectional side view of a serraconductor laser diode 
using a single quantum well structure (SQW) or a multi- 
20 pie quantum well structure (MQW) containing a film of 
l^Ga^N compound semiconductor as an active layer. 
While the first embodiment is provided with the crack 
preventive buffer layers 5 between the contact layer 4 
containing a film of n-type GaN and the clad layer 6 con- 
25 taining a film of n-type AlyGa^N, the second embodi- 
ment is provided with the crack preventive buffer layers 
5 above and below an n-type and p-type clad layers. 
The crack preventive buffer layers 5 are provided 
between the n-type contact layer 4 and the n-type clad 
30 layer 6, between the n-type clad layer 6 and the light 
guide layer 7, between the light guide layer 9 and the p- 
type clad layer 10. and between the p-type clad layer 10 
and the p-type contact layer 11, and thus preventing 
cracks and defects. 
35 [0042] Other compositions are the same as the first 
embodiment To avoid the repetitious description, the 
same elements as in the first embodiment have the 
same reference numerals and the explanation on them 
is omitted. 

40 [0043] The crack preventive buffer layer 5 in this 
embodiment has both compositions of the clad layer 6 
or the dad layer 10 and the GaN layer provided therea- 
bove and therebelow. so as to modify a difference in lat- 
tice constant or coefficient of thermal expansion 
45 between the film of GaN and the clad layer containing 
ALGavyN. To obtain this effect the buffer layer 5 has a 
superstructure where a thin film of which composition is 
same as a film of GaN and a thin film of AlyGavyN of 
which composition is same as the clad layer are alter- 
50 nately laminated. For example, when a film of 
A| 0 15 Gao esN layer is used as the clad layers 6 and 10. 
the crack preventive buffer layer 5 can be formed by 
alternately laminating a film of GaN of 50A in thick and 
a film of Al 0 isGao.esN of 50A in thick. 
55 [0044] Whenafilmof AI 0 . 15 Gao.85Nisusedasthe 
clad layer 6. the crack preventive buffer layer 5 can be 
formed by alternately laminating a film of GaN of 50 A in 
thick and a film of AlyGa^N of 50A in thick, and making 
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a grating structure in which an Al composition ratio nses 
in sequence Irom 0 to 0.15. The Al compostion ratio • 
controlled so as to be higher as closer to the clad layer. 
100451 Whena«mofAJo.i 5 Gao.85Nisusedasthe 
dad layers $ and 8, the crack preventive buffer layer 5 s 
can be formed by varying the Al composition ratio from 
0 to 0.15 and sloping to the layer depth direction. The Al 
composition ratio is controlled so as to be h.gher as 
closer to the clad layer. 

10046] The crack preventive buffer layer 5 having a »o 
composition substantially the same as in ^eltrst 
embodiment can be also used in the second embodi- 
m6nt 

mo471 Rgs. 7-9 illustrate energy band when the 
crack preventive buffer layer 5 of the above corrposition rs 
is provided. Rg. 7 illustrates the crack preve^rfer 
layer 5 formed by aftemately laminating a f ifm of QaN of 
50A in thick and a film of Alo.15Gao.s5N of S0A in toi* 
Rg 8 illustrates the era* preventive buffer layer 5 of a 
crating structure in which the Al composition ratio rises *> 
in sequence from 0 to 0.15. Fig. 9 illustrates a semicon- 
ductor laser diode using the crack preventive buffer 
layer 5 which the Al composition ratio varies by sloping 
to the layer depth direction. 

10048] When the crack preventive buffer layers i5 » 
are formed above and below the dad layers! 6 .and 1 10. 
the crack preventive buffer layers 5 can modify lattice 
constant or coeffident of thermal expansion of both the 
dad layers 6 and 10 and the layers ananged on their 
sides preventing cracks and defects caused by a differ- 30 
ence in lattice constant or coeffident of thermal expan- 
sion. Consequently, when thick n- or p-type AK3aN is 
epHaxially grown, a crack does not occur and a light 
emitting element capable of effective carrier wntine- 
ment and optical confinement in an active layer can be as 

So491 The semiconductor laser diode in Fig. 6 can 
be formed by the equipment in Fig. 5 as in the case of 
the semiconductor laser diode in Fig. 1 . 
100501 Fig. 10, illustrating a third embodiment ot a «o 
compound semiconductor based on nitride gallium, is a 
longitudinal sectional side view of a sem^uctor 
laser diode having a single quantum well sfructure 
(SQWOoranuiftipleo^mwellstructure(MQW)con- 

taining KQavxN compound semiconductor layer « 
While the first embodiment is provided with the crack 
preventive buffer layer 5 between the contact layer 4 
containing a film of n-type QaN and the dad layers con- 
taining a film ofn-typeAlyGavyN. the thira embodiment 
fe provided with the crack preventive buffer layer 5 so 
above and below the n-type dad layers 6 and between 
the p-type dad layer 10 and the p-type contact layer n. 
The crack preventive buffer layers 5 are provided 
between the n-type contact layer 4 and toe n-type clad 
layer 6. between the n-type dad layer 6 and the light ss 
guide layer 7. and between the p-type dad layer 10 and 
the p-type contact layer 11. The n-type dad layer 4^ 
which has the most possibility of a crack, is sandwiched 



between the era* preventive buffer layers 5 so as to 
prevent cracks and defects. 

rgo5i] Other compositions are the same as the first 
embodiment To avoid the repetitious description, toe 
same elements as in the first embodiment have the 
same reference numerate and the explanation on them 

is omitted. . . ... 

(00521 The era* preventive buffer layer 5 in this 
embodiment has compositions of the dad layer 6 or 10 
and the film of GaN thereabove and threrbelow.soas to 
modify a difference in lattice constant or coefficient of 
thermal expansion between toe «m of GaN and the dad 
layer To obtain this effect, the buffer layer 5 has a super- 
structure where a thin film of which compositions same 
as toe film of GaN and a thin film of Al y Ga,. y N of which 
composition te same as the dad layer are alternately 
laminated. For example, when a film of Alo.15Gao.s5N « 
used as the dad layers 6 and 10, the era* preventive 
buffer layer 5 can be formed by alternately laminating a 
film of GaN of 50A in thick and a «m of Alo.15Gao.s5N of 
50A in thi* 

[00531 WhenafilmofAlo.isGaossNisusedasthe 
dad layer 6, toe era* preventive buffer layer 5 can 1 be 
formed by alternately laminating a film of GaN of 50A in 
toi* and afilm of ALGai. y Nof SOAinthfc*. and making 
a grating structure in which an Al composition rabo rises 
in sequence from 0 to 0.15. The Al composition rabo is 
controlled so as to be higher es doser to the dad layer 
[00541 When a film of n-type Alo.isGao.ssN'S used 
as the dad layers 6 and 10. toe era* preventive buffer 
layer 5 can be formed by varying the Al composition 
ratio from 0 to 0.1 5 and sloping to toe layer depth direc- 
tion. The Al composition ratio is contrdled so as to be 
higher as doser to the clad layer. 
[00551 A era* preventive buffer layer 5 havingsub- 
stantiaJly the same composition as in toe first embodi- 
ment can be also used in the third embodiment. 
[0056] A semiconductor laser diode m Fig. 1 0 can 
be formed by toe equipment in Fig. 5 as in the case of 
toe semiconductor laser diode in Fig. 1 . 
[0057] Fig. 1 1 . illustrating a fourth embodiment 01 a 
compound semiconductor device based on nitride gal- 
lium is a longitudinal sectional side view of a semicon- 
ductor laser diode using a single quantum 
(SOW) or a multiple quantum well structure (MOW) con- 
taining In.Gai.xN compound semiconductor layer asian 
active layer While the first embodiment is provided with 
toe era* preventive buffer layer 5 between the contact 
layer 4 containing a film of n-type GaN and toe clad 
layer 6 containing a film of n-type Ai^a^. toe fourth 
embodiment is further provided with toe era* preven- 
tive buffer layer 5 between the p-type dad layer 10 and 
the p-type contact layer 1 1 . The era* preventive buffer 
layers 5 are provided between the n4ype contact layer 4 
and toe n-type clad layer 6, and between the p-type dad 
layer 10 and toe p-type contact layer 11. 
[0058] Other compositions are toe same as toe first 
embodiment. To avoid the repetitions description, toe 
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same elements as in the first embodiment have the 
same reference numerals and the explanation on them 
is omitted. 

[00591 The crack preventive buffer layer 5 in this 
embodiment has a composition of the clad layer 6 or 10 
andthefilmofQaNthereabovearidtherebelwsoasto 

modify a difference in lattice constant or coefficient of 
thermal expansion between the film of GaN and the clad 
layer To obtain this effect the buffer layer 5 has a super- 
structure where a thin film of which composition is same 
as the film of GaN and a thin f ilm of n-type AlyGa Vy N of 
which composition is same as the dad layer are alter- 
nately laminated. For example, when a film of 
Aln isGaossN * used as the clad layers 6 and 10 a 
crack preventive buffer layer 5 can be formed by alter- 
nately laminating afilm of GaN of 50Ain thick and afilm 
of Aln isGao &5N of 50A in thick. 
[00601 When a f am of Alo.15Gao.85N is used as the 
clad layers 6 and 10, the crack preventive buffer layer 5 
can be formed by alternately laminating a film of GaN of 
50 A in thick and a film of AlyG^yN of 50A in thick, and 
making a grating structure in which an Al composition 
ratio rises in sequence from 0 to 0.15. The Al composi- 
tion ratio is controlled so as to be higher in a portion 
closer to the clad layer. Kl . . 

[0061] When a f ilm of n-type Alo.15Oao.85N is used 
as the dad layers 6 and 10. the crack preventive buffer 
layer 5 can be formed by varying the Al composition 
ratio from 0 to 0.15 and sloping to the layer depth direc- 
tion. The Al composition ratio is controlled so as to be 
higher as doser to the dad layer. 
[0062] A semiconductor laser diode in Fig. 11 can 
be formed by the equipment in Fig. 5 as in the case of 
the semiconductor laser diode in Fig. 1 . 
[0063] The above embodiments are applications 01 
the present invention to a semiconductor laser diode. 
When a crack occurs in other compound semiconductor 
device based on nitride gallium such as a light emitting 
diode array where a first compound semiconductor 
layer based on nitride gallium and a second compound 
semicondudor layer based on nitride gallium of which 
composition is different from the first first compound 
semicondudor based on nitride gallium are grown, the 
above mentioned effect can be obtained by interposing 
a buffer layer having both compositions of the first and 
second compound semiconductor layers based on 
nitride gallium. 

[0064] According to the present invention, when a 
first compound semiconductor layer based on nitride 
pallium and a second compound semiconductor layer 
based on nitride gallium of which composition is differ- 
ent from the first first compound semiconductor layer 
based on nitride gallium are grown, a crack and a def ed 
caused by a difference in lattice constant or coefficient 
of thermal expansion can be prevented by interposing a 
buffer layer having both compositions of the first and 
second compound semicondudor layers based on 
nitride gallium. When it is used for a semicondudor 



laser, carrier confinement and optical confinement in an 
active layer is realized. 

Claims 

5 1. A compound semiconductor device based on gal- 
lium nitride comprising 

a buffer layer having both compositions sub- 
stantially the same as those of a first compound 
10 semiconductor layer based on gallium nitride and a 
second compound semiconductor layer based on 
gallium nitride is interposed between the first com- 
pound semiconductor layer based on gallium nitride 
and the second compound semiconductor layer 
15 based on gallium nitride of which a composition is 
different from that of the first compound semicon- 
dudor layer based on gallium nitride. 

2. The compound semicondudor device based on 
20 gallium nitride according to claim 1 . wherein 

said buffer layer has a superstrudure layer 
formed by alternately laminating a layer which has 
substantially the same composition as that of the 
first compound semicondudor layer based on gal- 
25 lium nitride and a layer which has substantially the 
same composition as that of the second compound 
semiconductor layer based on gallium nitride. 

3. The compound semicondudor device based on 
gallium nitride according to daim 1, wherein 

said buffer layer is formed by varying a com- 
position ratio from a composition ratio substantially 
the same as that of the first compound semiconduc- 
tor layer based on gallium nitride from a composi- 
as tion ratio substantially the same as that of the 
second compound semicondudor layer based on 
gallium nitride. 



30 



4. A compound semicondudor device based on gal- 
40 lium nitride comprising; 

an one-type conductive contad layer contain- 
ing a first compound semicondudor layer 
based on gallium nitride, 
45 an one-type conductive clad layer containing a 

second compound semicondudor layer based 
on gallium nitride having a different composi- 
tion from that of the first compound semicon- 
dudor layer based on gallium nitride. 
so an active layer of a single quantum well struc- 

ture composed of indium gallium nitride, 
an other-type condudrve dad layer containing 
a second compound semiconductor layer 
based on gallium nitride having a different com- 
55 position from that of the first compound semi- 

condudor layer based on gallium nitride, 
an other-type condudrve contad layer contain- 
ing the first compound semicondudor layer 
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based on gallium nitride, wherein 
a buffer layer having both compositions sub- 
stantially the same as those of said first and 
second compound semiconductor layers based 
on gallium nitride are interposed at least 5 
between said one-type conductive contact 
layer and said other-type conductive clad layer. 

5. The compound semiconductor device based on 
gallium nitride according to claim 4. wherein t 

a buffer layer having both compositions sub- 
stantially the same as those of said first and second 
compound semiconductor layers based on nitride 
gallium is interposed above and below said clad 
layer. 1 



20 



25 



30 



35 



40 



45 



SO 



55 



8 



EP1 018770 A1 



Fig.l 



13 

r 



14 ^11 : p-GaN contact layer 



4 



■/^lOtp-Aly&M-yN clad layer 
A- 9: light guide layer 
L-8:active layer 
7: light guide layer 



:wy-6:n-Al y Ga,-yN clad layer 



5: crack-preventive buffer layer 




12 



/4w4:n-6aN contact layer 
3:undoped GaN base layer 
2: buffer layer 



9 



EP 1018 770 A1 



Fig. 2 



U U 



n-GaN 
contact 
layer 4 



crack- 
preventive 
buffer 
layer 5 



clad layer 6 




irAlyGa^ 
clad layer 10 



p-GaN 

contact layer 11 



light guide I light guide 
layer 7 V layer 9 

active layer 8 



Fig. 3 



Fill 



n-GaN 
contact 
layer 4 



crack- 
preventive 
buffer 
layer 5 



n-AlyGai-yN 
clad layer 6 



light gui 
layer 7 




p-AlyGa,^ 
clad layer 10 

light guide 
layer 9 



p-GaN 

contact layer 11 



active Iayer8 



10 



EP1 018 770 A1 



Fig. 4 





< > 

n-Al^-yN 
clad layer 6 



n-GaN 
contact 



layer 



p-Al^jGa,-^ 
clad layer 10 



crack-preventive 
buffer layer 5 



light guide I iflht guide 
layer 7 \ 9 
active layer 8 



contact layer 11 



Fig. 5 



N2+H2 



32 30 





11 



: 

EP 1018 770 A1 



Fig. 6 



5:crack-preventive_ 
buffer layer 

5:crack-pr©ventive^. 
buffer layer 

5: crack-preventive, 
buffer layer 



13 



14 

4- 



-11: p-GaN contact \ ayer 
/^10:p-AlyGai-yN clad layer 
f^B: light guide layer 
inactive layer 



Js-1' light guide layer 

r c 

^S'.crack-preventive buffer layer 



B^AI^Gai-yN clad layer 




/4~4:n-GaN contact layer 

3:undoped GaN base layer 
2:buffer layer 



Fig. 7 




12 



EP1 018 770 A1 



Fig. 8 



_jffl illn_ lj _jl I 



In 

iuin 




VGaM^ 
contact 
layer 4 



crack-preventive 
buffer layer 5 



Fig. 9 



crack-preventive 
buffer layer 5 



active layer8 



crack-preventive 
buffer layer 5 



p-GaN 
contact 
layer 11 

crack-preventive 
buffer layer 5 





crack-preventive 
buffer layer 5 



light guide I light 
layer 7 \ layer 
crack-preventive active layer8 
buffer layer 5 



crack-preventive 
buffer layer 5 



crack-preventive 
buffer layer 5 



13 



: 

EP1 018770 A1 



Fig. 10 



5: crack-preventive 
buffer layer 



5: crack-prevent ive, 
buffer layer 



13 

X 



14 r 1 1 : p-GaN contact I ayer 
^-/^10:p-AlyCai-yN clad layer 




/flight guide layer 

active layer 
^7: light guide layer 
^6:n-AlyGa,^N clad layer 

5: crack-preventive buffer layer 

-12 

4:n-GaH contact layer 

3:undoped GaN base layer 
2:buffer layer 



Fig. U 



5: crack-preventive 
buffer layer 



13 
JL 



14 

4- 



^l^p-GaH contact layer 
jTHOtp-AlyGai-yN clad 
L9: 1 ight guide layer 



active layer 
light guide layer 




i/^n-MyGai-yH clad layer 
)^ 5: crack-preventive buffer layer 



4~4:n-GaN contact layer 

3:undoped GaN base layer 
2: buffer layer 



14 




EP1 018770 A1 



Fig. 12 



48:f x -type MGaN 
cap layer 



44:n-type InGaN 
crack-prevent I ve layer \ _ 



^5i:p-GaN contact layer 

i^-50:p-Aly6ai-yN c,ad iayer 
light guide layer 

L-47: active layer 
Js-46' light guide layer 
45:n-A! y Gat-yN clad layer 




43:n-6aH contact layer 



15 




EP1 018770 A1 



INTERNATIONAL SEARCH REPORT 



Intern Uional application No. 

PCT/JP98/03611 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI* H01L33/00, H01S3/18 

According to mtenulional Patent QiniGcaUoo (IPC) or to both national deification and IPC 



B. FIELDS SEARCHED 



Minimum docunjentation searched (dassifieation i ystem followed by disiificition symbols) 
Int. CI* H01L33/00, H01S3/18 



Documenutioc ***** other thin minimum documentation to the extent th.t sue* mdudedm the Tteld, sealed 

^SSsuyo Shinan Koho 1922-1996 ItorcJcu Jit^uyo Shi^ ^ 

Kokai Jitmiyo Shinan Koho 1971-1998 Jitsuyo Shinan Torotai Koho 1996-1998 



BcctronicdiUbaseajBsalted during me inte^ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtttion of document, with indication, where impropriate, of the relevant passages 



jp, 09-148678, A (Nichia Chemical Industries, 
Co,, Ltd.), 

6 June, 1997 (06. 06. 97), 

Par. Nos. (0016] to [0028] ; Fig. 1 

6 EP, 772249, A2 

JP, 09-116234, A (Sony Corp.)* 
2 May, 1997 (02. 05. 97), 

Par. Nos. [0057] to [0070] ; Fig. 7 (Family: none) 

JP, 09-266327, A (Toyoda Gosei Co., Ltd.), 

7 October, 1997 (07. 10. 97), 

Par. Nos. [0023] to [0025] (Family: none) 

JP, 05-041560, A (Hitachi, Ltd.), 

19 February, 1993 (19. 02. 93), 

Par. Nos. [0005] to [0009] (Family J none) 



Relevant to daim No. 



1-5 



1-5 



1, 3-5 



1-5 



[x] Further documents are listed in the continuation of Box C Q See paten! family s 

=f — hitfdocSgrtpebiS 

fete and Ml in conflict wi*tt*« 



Special cafeforiet of rited doatnestx 
A* dpeBMBatdrigugtbByaerelmi* at the art which b ad 

cooidered to be of ptrtiealar iclevanee — ^ - - - 

-IT cen^dec^botimblkb*^^ *~^^^^c^ 
ched to essMtt the etf 'atknd^ of another dtsdoew » docoax* « oaea uo« 

• (« 



"O" docan*ni referring to *a ormJ cfadocarc ccfaibitk* or oC»- 

V ctocntnenlpobb^ trior to tie i«tem6ood fila«<b^ b«t later tiao 
the priority date dataed 



oombifled with one or o* other net decumt 
bdac obvious to • pern* ddlted to (he art 
"A" doeoaeeii»ob«roftliei»ato|^«««aly 



Date of the actual completion of the international search 

4 November, 1998 (04. 11. 98) 


Date of mailing of the international search report 

17 November, 1998 (17. 11. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



16 

BEST AVAILABLE COPY 



; 

EP 1018 770 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/03611 



|C(CoalinualionV DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document. 



with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



JP, 04-199752, A (Sharp Corp.)* 

20 July, 1992 (20. 07. 92), 

Page 8, lower right column, lines 12 to 15 

& GB, 2250862, B2 



Fig. 5 



A (Matsushita Electric industrial 



JP, 03-203388, 
Co., Ltd.), 

5 September, 1991 (05. 09. 91) , 

Page 2, lower right column, line 16 to page 3, 

left column, line 7 (Family: none) 



1-5 



1-5 



upper I 



Form PCT/lSA/210 (continuation of second sheet) (July 1992) 



BEST AVAILABLE OOpv 



